ABSTRACT: The trunk kidney in 9.7 O/o of 330 yellowfin bream Acanthopagrus australis from Moreton Bay, SE Queensland, Australia, were infected with Sphaerospora sp. Disporic pseudoplasmodia developed in the glomeruli but chronic infections with mature spores aggregated in the Bowman's capsule were characterised by fibrous encapsulation in thick-walled cysts (TWC), ingress of melanomacrophages and eventual melanisation. There was no qranulomatous response to infection. Spores were rarely found in the head kidney There was a s~gnificant positlve association between the occurrence of Sphaerospora sp. and TWCs in the same kidney; TWCs were present in the head kidney as tvell. TWCs were accumulated in older fish. Metacercariae of Prosorhynchus sp. infected the trunk and head kidney of 9.3% of 612 A. australis, provoked l~ttle tissue response and were progressively melanised. Large cysts (>0.5 mm) of unknown origin were found predominantly in the trunk kidney of ?.8"/0 of 612 fish. Prevalences of Sphaerospora sp. and thick-walled cysts were not associated with either locality, age or sex of bream in Moreton Bay. Male and female fish at the winter spawning grounds had the highest prevalences of Prosorhynchus sp. and large cysts.
INTRODUCTION
There have been few studies of the protozoa in Australian marine fish (see review by . Little is known about ecological relationships between myxosporean parasites and their marine fish hosts in Australia. The yellowfin bream Acanthopagrus australis (family Sparidae) is an important commercial and recreational species in Australia with aquaculture potential, but there are few data concerning its protozoan parasites and the ecological factors that affect their prevalence in wild host populations. Certain aspects of the ecology and pathology associated with Henneguya sp. and Myxobolus sp. in A, australis were described by Roubal (1994) . The present study investigated the ecology and pathology associated with parasite infection and other agents in the kidney of A , australis from Moreton Bay, SE Queensland. Myxosporean parasites have been described from the kidney of wild and cultured sparids in other parts of the world. Kudoa sp. was found in 85 % of glomeruli in the trunk kidney of 10 % of 1 yr old cultured Sparus aurata L. in France (Paperna 1982) . Sphaerospora sp. caused dermal lesions and infected the kidney in 20 % of 18 mo old cultured Sparus aurata in Spain (SitjaBobadilla et al. 1992 ).
Large cysts (2 to 7 mm) of unknown origin have been described from all parts of the kidney of wild snapper Pagrus auratus in New Zealand. The cysts occur frequently in large numbers (up to 200, usually 1 to 5) and up to 90 % of the kidney by volume (Hine & Anderson 1981) , but the aetiological agent is unclear (P. M. Hine pers. comm.) . Systemic granuloma in the kidney of cultured Sparus aurata and Acanthopagrus bifasciatus was associated with accumulated tyrosine (Paperna 1979 (Paperna , 1987 .
The yellowfin bream has an ovo-testis and undergoes protandrous sex inversion at about 3 yr old (Pollock 1984) . Most male and young female bream migrate from the summer grounds in western Moreton Bay to spawn at the surf bars on the eastern side of the bay in winter (Pollock 1982) . Juvenile bream remain in the estuaries and shallow inshore mangrove and seagrass areas (Blaber & Blaber 1980) . The influence of locality, host size and sex, and season on the prevalence of kidney infection within the population of yellowfin bream from Moreton Bay is assessed. formaldehyde) in sea water. The fish were soaked in several changes of fresh water to remove the formalin and the standard length (SL, cm) measured. There was a significant difference (F = 35.8, p < 0.001) in the size of fish collected from western h4ore-ton Bay (W.Bay; Green Island, Mud Island, Wynnum, Wellington Point) [average (X) SL = 16.9, range = 10.5 to 23.7, standard error (SE) = 0.12, sample slze (n) = 3961, eastern Moreton Bay (E.Bay; Jumpinpin) (X = 18.1, range = 12.3 to 26.4, SE = 0.34, n = 72) and southern Moreton Bay (S.Bay; Pimpama River) (X = 14.7, range = 5.8 to 28.5, SE = 0.38, n = 144). There were significant differences in the size of fish among samples from W.Bay (F = 2.75, p = 0.003), E.Bay (F = 7.9, p < 0.001) and S.Bay (F= 9.64, p < 0.001) ( Table 1) .
MATERIALS AND METHODS

Individuals of
Fish were assigned to age classes based on the studies of age and growth of Acanthopagrus australis in Moreton Bay by Pollock (1984) . Age classes (cm) were defined as follows: Q+, SL 14.5; ?+, 14.5 I SL 2 18.4; 2+, 18.5 I SL < 21.1; 3+ (and older), SL > 21.1 cm. The gonads were identified as either male, female, juvenile or intersex (both male and female gametes).
The head and trunk kidney of all fish preserved in formalin were examined for parasites and cysts visible with the dissecting microscope. The head and trunk kidney were removed and stored in 70% ethanol. Pieces of the head and trunk kidney from a subsample of these fish (n = 330), taken from all samples and from all sexes and size classes within these samples, were soaked overnight in concentrated (85 %) lactic acid then squashed on a glass slide beneath a coverslip and examined with a compound microscope. This apparently new technique permitted rapid examination of the kidneys from a large number of preserved fish. All ecological analyses of renal sphaerosporosis are based on presence/absence data for kidneys examined in lactic acid.
Pieces of preserved head and trunk kidney from a few infected fish were dehydrated in alcohol, embedded in wax, serial sections cut at 5 pm and stained with haematoxylin and eosin (H&E). Pieces of preserved kidney were smeared also in small drops of molten glycerine jelly on glass slides and covered with a coverslip. Measurements of myxosporean spores were made as suggested by Lom & Arthur (1989) . Fresh smears of head and trunk kidney were examined from f~s h overdosed with benzocaine.
Statistical analyses were done using SAS (SAS Institute Inc., Cary, NC, USA), with a significant probability level of 0.05. Pearson's chi-squared was used to test for significant differences in prevalence and the association of infection in the head and trunk kidney. Pearson's statistic was also calculated for 2-way contingency tables to test for independence of infection and either locality, sex, age class or season. 
RESULTS
The parasites recovered from the kidney of Acantl~o-pagrus australis include the myxosporean Sphaerospora sp, and metacercariae of the digenean Prosorhynchus sp. A large Philometra-like nematode was found in the trunk kidney of 2 fish. This parasite occurs usually in the nasal sinus, and will not be considered further in this paper. Small (<200 pm), frequently melanised, thickwalled cysts (TWC) and large (>0.5 mm) fibrous cysts of unknown origin were found in the kidney as well.
Occurrence of parasites and cysts
Spores of Sphaerospora sp. were identified by the slightly apically flattened spherical shape [13.2 (12.0 to 13.9) X 15.3 (13.2 to 16.4) pm, n = 15), rounded polar capsules (4.7 (4.4 to 5.7) X 4.7 (4.4 to 5.4) pm; polar filament with 6 or 7 coils] opposing the level of the suture line ( Fig. 2A) . In lactic acid preparations, aggregates of spores were found most often within thin-walled cysts 164.6 pm (38.4 to 121.6) pm diameter, n = 34; Fig. 2CJ and thick-walled, often partly melanised cysts (72 (32 to 102) pm diameter, n = 30; Fig. 2D ]. Infections in the head kidney were rare and coincided with infection of the trunk kidney. Spores were observed within the renal tubules of one fish only (Fig. 2B ).
In histological sections, Bowman's capsules contained aggregations of whole or degenerated spores of Sphaerospora sp. and were encapsulated by a thick layer of proliferated fibrous connective tissue and/or melanised to various degrees in a cyst 62.7 (32 to 128) pm (n = 28) in diameter ( Fig. 3A to D There was a significant association (x2 = 15.46, p < 0.001, n = 330) between the occurrence of Sphaerospora sp. and TWCs in the same kidney. Unlike Sphaerospora sp. infection, there was no significant difference in the occurrence of TWC in the head and trunk kidney of the same fish. In some fish there were many melanised TWC and melanomacrophage centres, but the kidneys were not infected with either Sphaerospora sp. or Prosorhynchus sp.
Metacercariae of Prosorhynchus sp. (Fig. 4A to D) were found in the head and trunk kidney and were eta1 epithelium of the capsule was compressed and the MMC in a thick cyst wall. Thick-walled cysts were fibrous connective tissue surrounded the capsule. In not associated with any marked inflammatory response. some cases the cyst wall was extensively thickened
The large cysts displaced kidney tlssue and reduced with several layers of connective tissue. Melanomathe bulk of the kidney (Fig. 5A ). There was no inflamcrophages accumulated on the outside and eventually mation, although mononuclear inflammatory cells entered the cyst to engulf mature and dead spores could be seen outside the cysts; small numbers infil- (Fig. 3B, C) . Disporous pseudoplasmodia were evident trated the outer margin (Fig. 5B) . The cysts were pearly in hypertrophic glomeruli (Fig. 3E) and spores filled white when preserved in formalin and there was no and distended some renal tubules (Fig. 3F) .
evidence that the large cysts were melanised or
The metacercariae of Prosorhynchus sp. were surresorbed by the fish. Some cysts contained a small cenrounded by a distinct, thin wall of host origin (Fig. 4A, tral core of unidentified material delineated from the B) and there was little tissue response associated with remainder of the cyst contents by a layer of dense conthe infection (Fig. 4C, D) although a few metacercaria nective tissue (Fig. 5D ). The identity of this inclusion were progressively melanised and destroyed. Melahas yet to be resolved. nomacrophage centres adjacent to the parasite capsule were evident in some histological sections.
Melanomacrophage centres (MMC) usually lack a Ecological aspects delineating membrane ( Fig. 2A) , but in some cases a thin layer of connective tissue surrounded the MMC.
There were no significant correlations between This fibrous layer increased in thickness and enclosed either sample size or average fish size per sample and the prevalence of either Sphaerospora sp., Prosorhynchus sp., TWC or large cysts. Thick-walled cysts were more prevalent (24.5 %) than either Sphaerospora sp. (9.7 %), Prosorhynchus sp. (9.3 %) or large cysts (7.8 %) over all samples. The prevalence of both Prosorhynchus sp. and large cysts, but not Sphaerospora sp. and TWC, differed significantly among localities (Table 1) . More male and female fish were infected by either Prosorhynchus or large cysts than juvenile and intersex fish, but there was no difference among sexes in the prevalence of either Sphaerospora sp. or TWC (Table 1) . There was a significant increase in prevalence with increasing age in Prosorhynchus sp., large cysts and TWC, but age was not associated with prevalence of Sphaerospora sp. over all localities ( Table 1) . Significant seasonal differences, with highest prevalences in winter, were found for Prosorhynchus sp. and large cysts, but not for Sphaerospora sp. or TWC ( Table 1) .
There was a significant association between age and prevalence within male fish for Prosorhynchus sp. and large cysts (highest prevalence in 2+ age class), and between age and prevalence within intersex fish for Prosorhynchus sp. (highest prevalence in 2+ age class) (Table 2 ) . No other significant associations were found TWC, Prosorhynchus sp. and large cysts in the S.Bay, within the different sexes.
and between prevalence and age f~r large cysts in the There were no significant associations between W.Bay. No other significant associations were found prevalence and sex of bream within the W.Bay, E.Bay between age and prevalence. There was a significant and S.Bay for either Sphaerospora sp., TWC, Prosorseasonal difference in prevalence only for TWC in hynchus sp, or large cysts (Table 3) . There was a sigthe W.Bay, with the greatest prevalence in winter nificant association between prevalence and age for ( Table 3) . 
DISCUSSION
According to Roberts (1989) , most Sphaerospora infections in the kidney occur in the glomeruli and renal tubules. Interstitial renal infections with mature spores of Sphaerospora are rare . Disporic pseudoplasmodia in the renal tubules and Bowman's capsule were rarely seen in Acanthopagrus australis during the present study. This, however, may be attributed to the technique employed. Lactic acid preparations are suitable for determining the presence or absence of mature myxosporean spores, but are less suitable than histological sections to detect the developmental stages.
Developmental stages of Sphaerospora have been observed in the epithelium, glomeruli and lumen of the renal system (e.g. Molnar 1980 . Vegetative stages of some Sphaerospora species circulate in the blood to various organs (Csaba 1976 , Lorn et al. 1983 , Baska & Molnar 1988 ) and sporulate in glomeruli and tubules (Molnar & Kovacs-Gayer 1986 , Hedrick et al. 1990 , Feist et al. 1991 ). The present data indicate that development of Sphaerospora sp. in the kidney of Acanthopagrus australis occurs in the glomeruli and possibly in the renal tubules, but not all spores are shed. Aggregation of mature spores swells the Bowman's capsule in A. australis and results in a focal inflammation with fibrous encapsulation, ingress of melanomacrophages that engulf old and dead spores, and eventual melanisation of the cyst. Sitja-Bobadilla et al. (1992) found that light infections by Sphaerospora sp. in the fry of cultured Sparus aurata caused an enlarged Bowman's capsule.
The tissue response in Acanthopagrus australis to Sphaerospora sp, resembles that of the roach Rutilus rutilus to renal infection by Myxidium rhodei (see Dykova et al. 1987) . Plasmodia and spores of M. rhodei were found in the Bowman's capsule and less frequently in the renal interstitium. Infected glomeruli of R. rutilus were compressed and the parietal layer of Bowman's capsule was modified into a thin membrane. Furthermore, in advanced M, rhodei infections, the Bowman's capsule was filled with mature spores and was surrounded by a lamellar layer of mature connective tissue with gradual invasion of granulation tissue into the spore mass (Dykova et al. 1987) .
Sphaerospora infection in the head kidney of Acanthopagrus austr-alis was rare in the present study, possibly because of the dispersal of pre-sporogenic stages by the blood and uptake in the renal glomeruli of the trunk kidney. Likewise, Hoferellus carasii, agent of kidney enlargement disease in goldfish, affects the trunk kidney but not the head kidney .
In the present study, aggregates of Sphaerospora sp. in the head kidney of Acanthopagrus australis were encapsulated in a fibrous cyst and eventually melanised following the ingress of melanomacrophages. Sphaerospora tinca in the head kidney of tench Tinca tinca was also surrounded by a fibrous capsule (Hermanns & Kijrting 1985) . The spores of Sphaerospora sp. in the head kidney of Sparus aurata were not melanised (Sitja-Bobadilla et al. 1992 ).
There was a positive association between the occurrence of Sphael-ospora and TWC in the same kidney of Acanthopagrus australis, but no difference in the occurrence of TWC in the head and trunk kidney of A. australis although Sphaerospora sp, was rare in the head kidney. Although aggregates of Sphaerospora sp. spores in the head and trunk kidney of A. australis were encapsulated and melanised, other agents may also cause the formation of TWC. Granulomatous reactions in the kidney of other fish have been attributed to various agents, for example, developn~ental stages of myxosporean parasites (Dykova et al. 1987 , Athanassopoulou & Sommerville 1993 , Mycobacterium, Nocardia, bacterial kidney disease, fungi, deposits of metallic salts and organic compounds (Paperna 1979 , Roberts 1989 , Landsberg & Paperna 1992 . There was no marked granulomatous reaction in the kidney of A. australis associated with any aetiological agent during the present study. However, most cases of renal sphaerosporosis in A. australis were chronic infections by which time cellular infiltration may have been replaced by fibrosis and melanisation. Dykova (1984) reported that melanomacrophage centres involved in the destruction of trophozoites and mature spores of histozoic myxosporeans in the viscera of some fish were strongly pigmented and often encapsulated in a fibroblastic response.
Ecological data for Sphaerospora sp. in the present study indicate that infection occurs among all age classes and sexes of Acanthopagrus australis. There was no difference in prevalence among localities. There was no seasonal trend in infection, unlike that reported for S. dicentrarchi and S, testicularis (SitjaBobadilla & Alvarez-Pellitero 1993) , Myxobolus legeri ) and PKX (Kent & Hedrick 1985 , CliftonHadley et al. 1987 ).
The life cycle of marine myxosporeans is unknown, but the involvement of oligochaetes in the life cycle of freshwater myxosporeans is well documented (Markiw & Wolf 1983 , Kent et al. 1993 ). It is not unreasonable to suggest that annelids are involved also in the marine life cycles. The distribution of these putative alternate hosts will influence the distribution of infected fish, especially the juveniles of fish such as Acanthopagrus australis that have limited migrations. Roubal (1994) found that Henneguya sp. infection in A. australis was most prevalent in southern Moreton Bay, presumably the result of localised distribution of the alternate host. It would seem that the distribution of the putative alternate host of Sphaerospora sp. is widespread in western and southern Moreton Bay.
There was no accumulation of Sphaerospora sp. infection in Acanthopagrus australis with age, but TWC accumulated i n older fish. This suggest a continuous infection with Sphaerospora sp, which become encapsulated and persist in the kidney.
Large cysts in Acanthopagrus australis were found predominantly in the trunk kidney. These cysts resemble those that occur in large numbers in the kidney of snapper Pagrus auratus in New Zealand (Hine & Anderson 1981) . The cause of the cysts is unknown but both Australian and New Zealand material have an unidentified body at the centre of some cysts. The large cysts from A. austraLis resemble to some extent the cysts of unknown aetiology (CUE) described by MacLean et al. (1987) from the gills of Atlantic mackerel. They differ in size, but both have central inclusions that have yet to be identified. Like the Prosorhynchus sp. infections in Acanthopagrus australis, the large cysts were most prevalent in adult male and female fish at the winter spawning grounds in eastern Moreton Bay. It would appear that these fish arrive here from areas in Moreton Bay that were not sampled during this study.
The life cycle of Prosorhynchus crucibulum was elucidated by Matthews (1973 None of the aetiological agents found in the kidney of wild Acanthopagrus australis appeared to be significant pathological agents at the observed levels of infection
